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INVESTIGATION OF LOW-SPm L A T a  CONTROL AND 
HINGE-" CHARACTERISTICS OF A 2O-PERCENT-CHOFCO PLCUN 
By Wiliam M. Ifadaway and Rein0 J. S a m  
SUMMARY 
The low-speed la teral  control  and hin -moment characterist ics of 
a  20-percent-chord plain  aileron on a 47. 79" sweptback wing of aspect 
r a t i o  5.1 have been determined i n   t h e  Langley lg-foot P I - ~ S S U ~ ~  tunnel. 
The t e s t s  were made with and without high-lift and stall-control devlces . 
at a Reynolds number of 6.0 X LO . 6 
The results  indicated that an airplane w i t h  a w i n g  similar t o  t he  
one tes ted  may exhibft  undesirable  rolling  oscillations and vibrations 
a t  moderate and high anglee of attack due to  intermittent  separation of' 
flow over the wing. The s t a t i c  ro l l i ng  moments obtained w i t h  large 
aileron deflections were greater   in  magnitude, however, than the ro l l ing  
moments induced by the separated flow, thereby indicating that some 
degree of lateral  control could be maintained. A t  zero angle of attack, 
a ra te  of change of rolling-moment coefficient with aileron deflec- 
t ion  C of O.OO080 was obtained which was i n  f a i r  agreement with the 
calculated value. The addition of leading- andtrailing-edge flaps did 
not  appreciably  affect C at law lift coefficients. Because of the 
nonlinear  characteristics the  rolling-moment data, t h e  value of the 
aileron effectiveness parameter Cz8 was not well-defined i n  the angle- 
of-attack range through which flow separation occurred. Emever, the  
data  indicated  that   the  roll ing moments near maximum lift were about 
70 percent of the values obtained at zero angle of attack f o r .  large 
total  a i leron def lect ions.  Measurements of t he  aileron hinge moments 
and balance-chanhr  pressures  indicated  that a r a t i o  of the  aileron 
nose balance t o  the  aileron chord of 0.60 o r  more will be required t o  
balance ccmpletely the  internally  sealed type of aileron. 
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Previous investigations of plain flap-type ailerons on sweptback 
wings (references 1 t o  3) have shown that  the ai leron effec1;iveness i n  
the low lift range can be predicted by semiempirical means based on 
simple sweep theory. The effectiveness of the aileron at the higher 
lift coefficients, however, cannot be calculated because of. the  ear ly  
separation of flow over the wing (reference k ) .  An investigation waa 
made on a 47.70 meptback wing of aspect ratio 5.1 employing a 20-percent- 
chord outboard aileron t o  provide infonaation on the aileron  effectfveness 
on a wing of relatively  higher  aspect r a t i o  and sweep than has previously 
been investigated. The tests w e r e  husde at a Reynolda number of 6.0 X 10 6 
and a Mach number of 0.14. These tes ta  are  part of a general investigation 
of the subject wing and the  longitudinal  stabil i ty  characterist ics have 
been reported  in  references 4 t o  6 .  
SYMBOLS 
A l l  data are referred t o  a system of wind axes originating at the  
quarter-.chord point of the mean aerodynamic chord projected t o  the  
plane of symmetry. Symbols used herein are defined a6 f olltrws : 
CL 
c, 
ct 
lift coefficient (F) 
pitching-moment coefficient (Pitchi;Emment -) 
yawing-moment coefficient 
rolling-moment coef f ic ien t   (Rol l in t rment  
aileron hinge-moment coefficient 
aileron-load  coefficient (&) 
I 
z aileron  l ad normal t o  wing  chord  line, p0uzld.e 
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PR resultant  pressure  co fficient  in  a leron  balance com- 
partment Pressure below seal  - Pressure above seal  
Q 
E 
R 
a 
8a 
S 
Sa 
C 
- 
C 
C'  
aileron-seal leakage factor 
/-  Pressure  difference  across  eal \ 
[- Pressure  difference across vents] 
Reynolds number (9 
angle of attack of root chord l ine,  degrees 
aileron  deflection measured i n  plane perpendicular t o  
hinge line, positive when deflected dam, degrees 
wing area (30.35 sq ft) 
aileron area realuard of hinge l i ne  (0.1120 sq ft) 
local  wing chord measured para l le l  t o  plane of symmetry, 
fee t  
mean aerodynamic chord (2.60 ft) (5db" .2w) 
loca l  wing chord measured perpendicular t o  0.286 chord 
l ine  
aileron chord measured normal t o  the 0.286 chord l ine  
root-mean-square chord of aileron behind and normal t o  
hinge l ine  
root-mean-square chord of assumed aileron balance meas- 
ured forward of and normal t o  ai leron hinge l ine  
dynamic pressure, pounds per square foot (9 
wing span perpendicular t o  plane of symmetry (12.46 ft) 
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c 
'IP 
P 
moment area of aileron behind hinge l ine abmt hinge axis 
(0.0913 cu f%) ( &kba ca2w) b 
aileron span measured para l le l   to   a i le ron  hinge l ine  
(33.82 in. ) 
mass density, slugs per cubic foot 
free-stream velocity, feet per second 
coefficient of viscosity, slugs per foot  second 
l a t e r a l  coordinate, feet 
a r i t b t i c a l  sum of equal up and dam aileron deflec- 
t ions  for  an assumed set of ailerons, degrees 
angle-of-attack change due to   ro l l i ng  
ra te  of change of rolling-moment coefficient with 
aileron deflection 
ra te  of change of aileron hinge-moment coefficient with 
aileron  deflection 
ra te  of change of aileron hinge-moment coefficient with 
angle of attack 
ra te  of change of resultant pressure coefficient with 
aileron deflection 
rate  of change of resultant pressure cokf'ficient with 
angle of attack 
rate  of change of aileron hinge-moment coefficient in 
steady r o l l  w i t h  aileron  deflection 
damping coeff ic ient ,  that  is ,  ra te  of change of rolling- 
moment coefficient Cz with wing t ip-hel ix  
angle pb/2V 
angular velocity in roll, radians per secozld 
NACA RM L51F22 
MODEL . 
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The model used i n  the investigation was of' steel construction and 
had a leading-edge sweep of 47. 70, an aspect r a t io  of 5.1, a taper   ra t io  
of 0.383, and HACA 64-210 a i r fo i l   sec t ions  n o m 1  t o  the 0.286 chord 
l ine.  Washout about the  0.286 chord l i ne  was 1.32' and there was no 
dihedral. The general dimensions of the model are presented in figure 1. 
The l e f t  wing was fitted with a 0.20~ * plain  aileron which w a s  
internally sealed. The aileron extended from 0.614b/2 t o  0.96!%/2. 
The aileron hinge momenta and the camponente of aileron noma1 force 
perpendicular to the  wing chord l ine  were measured by resistance type 
of s t r a in  gages mounted on each of the  three beams connecting the 
a i le ron  to  the  wing. A f lex ib le  a e a l  was ins ta l led  between the aileron 
and the wing.  Twelve or i f ices ,  six above the  s e a l  and s ix  below, were 
ins ta l led  in the  balance chamber to measure the  pressure  differential. 
The ai leron detai ls  are sham in  figure 1. 
Details of the leading-edge and trailing-edge flaps are presented 
in figure 2. The leading-edge flaps had a constant chord of 3.05 inches 
measured normal t o  the  leading edge of the  wing and were deflected  dam 
45O from the vi chord  plane. The leading-edge f laps  extended fran 
0.5b/2 t o  0.97572. 
The trailing-edge split flaps were made of k- inch duralumin and 16 
were deflected 60° f romthe lower surface of the King measured normal 
to the &-percent chord. They extended from the plane of  synmretry 
t o  0.4b/2 and the  chord of the flaps equaled X) percent of the  wing 
chord perpendicular t o  the 0.286 chord l ine.  
TESTS 
The t e s t s  were made in   t he  Langley lg-foot pressure tunnel  with 
the  a i r  in  the  tunnel  compressed t o  approximately d atmospheres. A 
Reynolds number of 6.0 x 10 and a Mach number of 0.14 were maintained 
during the  tes t s .  Measurements of the m c m e n t B  and forces were made f o r  
each configuration through the angle-of-attack range fram -bo to   approd-  
mately 300. Aileron. loa&, hinge moments, and balance-chaniber pressures 
were also obtained for each configuration from -20° to +20° aileron 
deflection. 
6 3 
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CORRECTIONS TO DATA 
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The lift and pitching-moment data have been corrected  for  air-  
stream misalinement and f o r  support t a r e  and interference effects. The 
dynamic pressure has been corrected for the  e f fec ts  of blockage. Jet-  
boundary corrections based on the method of reference 7 hav& been 
applied t o  the angle of attack, pitching-moment coefficient, rolling- 
moment coefficient, and yawing-moment coefficient. The rol l ing moments 
obtained at 6, = Oo were used as tare corrections t o  the rol l ing 
moments obtained at a l l   a i leron  def lect ions and the tame applied are 
shown in  figure 3. Similar tares w e r e  applied t o  the yawing-moment 
coefficients. 
A calibration of the aileron seal indicated an average leakage 
factor  E of 0.12 due to  the  d iscont inui ty  of the seal along the 
aileron span at the strain-gage bean positions and the leakage around 
the  ends of the ailerons. The resultant balance-chamber pressures at 
each or i f ice  s ta t ion were corrected w i t h  corresponding E values t o  
obtain a simulated sealed condition. Leakage across the seal may have 
an e f fec t  on the hinge moments and ro l l ing  mament s at very 1uw angles 
of attack (reference 8.); A t  moderate and high q l e s  of attack, how- 
ever, the ef fec ts  of the   l eeage   acrom tKe seal on "the hinge monents and 
rol l ing moments f o r  the wing of the present  investigation are believed t o  
be smsll. 
The aileron-load coefficient was measured normal t o  the wing c h o d  
fo r  a l l  de f l ec t ion  angles. An andys i s  of the aileron pressure distri- 
bution data of reference 8, however, indicated that the chorltwise forces 
on the aileron are small; therefore the  force normal to the aileron 
chord l i ne  can be 8pp320Ximated by dividing Cz, by the cosine of 8,. 
RESUiTS AMD DISCUSSION 
The basic aileron data are presented in figures 4 t o  8. The resu l t s  
have been summarized i n  figures 9 t o  12. 
Investigations of la te ra l  cont ro l  charac te r i s t ics  a t  low speeds and 
high Reynolds nmbers are of primary concern a t  high lift coefficients. 
The rolling-moment data in the  high-lift-coefficient range obtained in 
the present investigation, however, exhibited  scatter snd nonlinearity 
due t o  unsteady and unsymmetrical forces on the wing which resulted from 
intermittent separated flow. Considerable vibration of the  model also 
occurred in the separated flow range, especially at angles of attack 
near maximum lift. ' 
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In an ef for t  t o  es tab l i sh   the   re l iab i l i ty  of the data, some re tes t s  
were made &er the  model and test apparatus were ca re f i l l y  checked, but 
no appeciable difference in the nature of the   resu l t s  was obtained. 
The rolling-moment variations which resulted from the  unsteady forces, 
88 indicated in figure 3, were of smaller magnitude than the roll ing 
moments  due t o  large aileron deflections (figs. 4(a), 5(a), and 6 ( a ) ) .  
Some degree of l a t e ra l   con t ro l   a t  high angles of attack would, there- 
fore, be maintained. The aileron normal-force and hinge-mament data 
do not exhibi t   the   scat ter  which was  obtained in   t he  wing rolling- 
moment data because the normal forces and hinge moments were recorded 
vlsually from a highly damped self-balancing  type of potentiometer. 
From figures 3, 4(a),  5(a), and 6(a), it c a ~  be seen tha t  the 
rolling-moment osci l la t ions were present for a11 aileron deflection 
angles. The aileron, therefore, has l i t t l e  effect  on the intermittent 
separation characteristics, and the same diff icul ty  in  obtaining Czg 
would be experienced regardless of the aileron  location  or the type of 
lateral-control device used. 
It seems l ike ly  tha t  vibr8tiOnS similar t o  those experienced on 
the wing of the  present  investigation may be fnduced on 811 airplane in 
f l i gh t  having a sFmflar wing.  The severity of the lateral osci l la t ions 
and vibrations f o r  the wing casnot be predicted from the data obtained 
from the present tests,  however. 
Previous investigations of w i n g s  of lower meep having rand-nose 
a i r fo i l   sec t ions  have also shown nonlinearity and sca t t e r  of rolling- 
moment data at angles of attack where fluw was separated (references 1 
and 2). The flow separation and  accompanying i r regular i t ieq of these 
previous t e s t s  occurred at o r  near maximum liFt; whereas in the present 
investigation, separation occurred at an angle of attack well  below 
C h ,  as indicated by figures 4, 5, and 6 .  The results obtained frm 
t e s t s  on the  wing of the  present  investigation do not necessarily mean 
tha t   the  same type of intermittent separated flow w i l l  be obtained on a 
sfmilar wing having a different a i r f o i l  section. Also, the intermittent 
type of flow separation might be improved by the  use of stall-control 
devices  other  than  those  tested. 
Rollinn-moment characterist ics.  - Rolling-mmnt data are presented 
for the entire angle-of-attack range tested; but the aileron effective- 
ESS parameter CZs, a s  d e t e d n e d  from a small range of aileron deflec- 
t ions through 6, = Oo, W ~ S  not evaluated for angles of attack greater 
than 160 because of the   sca t te r  of data due t o   i n t emi t t en t   s epa ra t ed  
0.00080 was obtained at Oo angle of at tack  for   the plain wing (fig. 9). 
- flow in the  higher angle-Of;8tt8Ck range. A Czg value of about 
- A corresponding Czg value of O.m72 was calculated by the method of 
8 BACA. RM L5lF22 
reference 9. The aileron effectiveness decreased gradually 8,s the  
angle of a t tack was increased from 0' t o  16O. With leading-edge f laps  
deflected, a value of C of 0.00075 was obtained at zero  mgle of 
attack and remained fair ly   constant   to  about U0, beyond which it 
decreased. With both leading- and trailing-edge flaps deflected, 
CIS was about 0.00080 at 0' angle of attack and remained approximately 
constant t o  an angle of attack of go and then decreased as tke angle of 
attack was  increased t o  16O.  
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A t  the angles of  attack at which separation f i r s t  occurred, as 
indicated by the unstable changes in  the pitching mament (figs. 4(c), 
5(c), and 6(c)), a large decreaae in   t he   ro l l i ng  moment occurred f o r  
large negative (up) aileron deflection angles (figs. 4(a), ?(a), and 
6(a)).  The rol l ing moment for large posit ive (dam) aileron deflection6 
decreased gradually throughout the angle-of-attack range for the plain 
wing, decreased only in the high-lif t-coefficient range with leading- 
edge flaps deflected, and remained approximately constant t o  maximum 
lift for the combination of leading- and trailing-edge flaps. 
Comparisons of the  roll ing moments for   var ious  total   a i leron 
deflections are presented i n  figure 10. For total  a i leron def lect ions 
of L2O o r  more, the largest   rol l ing moments were obtained bel-ow 5O angle 
of at tack for  the plain wing configuration. Between 5" and b 6 O  angle 
of attack, the largest rol l ing mosnents w e r e  generally obtained w i t h  
leading-edge flaps deflected, and beyond 16O the   largest   rol l ing mcments 
were generally obtained with both leading- and trailing-edge f laps  
deflected. The rol l ing moments near the maximum lift coeff ic ient  for  
large  total   a i leron  def lect ion angles w e r e  about 70 percent of the  
values obtained at zero lift coefficient. 
The yawing moments at smal total  aileron deflections were negli- 
gible through the angle-of-attack range for all conf%gumti.ms. As 
8atotal  was  increased, however, adverse yawing moments w e r e  obtained 
f o r  a l l  except very low angles of at tack for  each configuration. The 
variations of the  yawing-moment coefficient with angle of a t tack   for  
the highest  total  aileron deflection tested (40O)  are shown in   f i g -  
u r e  10. The adverse yaw was greatest with the plain-wing configuration 
except at maximum lift coefficients. 
Pitching-moment characteristics.- The effect  of maxinnmup and 
d m  aileron deflections on the pitching-moment characterist ics are 
presented in figures 4 t o  6. The increments in  pi tching moment were 
larger   for   the  up-ai leron  that   for  the dm-a i l e ron  for a l l  wing con- 
P i  rations except at angles below bo for  the plain wing and between 
11 g;u and 18' for the  leading- and trailing-edge  flip  configuration, 
where the  increments appeared t o  be equal. The dashed l ines  on the  
pitching-moment curves indicate the change i n  pitching moment due t o  
I 
.2 
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the combined maximum up and down aileron  deflections f o r  each wing con- 
figuration. Deflection of the  leading-edge f laps  reduced t h e  t o t a l  
pitching-moment increment between the maximum up and dam aileron  deflec- 
t i o n s   t o  about 70 percent of the corresponding plain-wing increment a t  
zero angle of attack. As the angle of attack was increased, the differ- 
ence i n  t o t a l  increments became Bmaller unt i l   they were about equal 
at 20'. With the leading-edge flaps deflected, deflecting the trailing- 
edge flaps increased the pitching-moment increment between the maximum 
up and d m  aileron deflections throughout the angle-of-attack range. 
Hinge-moment characterist ics.  - The parameters ch8, c&' pRs' 
and PRa a r e .  presented in figure 9 as functiona of a. In  order to 
determine the hinge-moment characterist ics in a steady r o l l ,  these 
parameters have been u t i l i zed  in the same manner as in reference, 3: 
chs' = 'hswith + . - P  ma 'hCL with 
balance balance 
where . .  
chs 
r ra te  of change of aileron hinge moment with  deflection when 
w i n g  i s  In a steady roll 
2(b)p r a t i o  of effective change i n  angle of a t t ack  to  t o t a l  ai leron 
A% deflection I a steady roll. (Values of t h f s  parameter  as 8 
functfon of wing and aileron geometric and aerodynamic 
Characteristics are sham in reference 10. From these data 
2 b l p  
the  value of i s  found t o  be -63.9 - or, w i t h  Cz8 ma c2P 
a value of C estimated from reference 11 t o  be 0.303, 
2P 
The effects  of the internally sealed balance are accounted f o r  i n   t he  
following  equations : . 
10 NACA RM ~ 5 1 ~ 2 2  . 
'ha w3th = 'ha without 
balance  balance 
chS wi th  -% wit 
balance  balance . 
where the span of the balance irassumed equal t o   t h e  span of the 
aileron and where the balance chord i s  assumed t o  include one-half of 
the gap covered by the seal. 
Values of C have been computed for  several   ratios of aileron 
h6 
nose balance t o  aileron chord and are presented in   f igure 11 as a func- 
t i on  of the angle of attack. For various balance chord ratios of the 
plain-wing configuration, there was generally a small reduction in   t he  
values of C as the  angle of attack was increased from Oo t o  l2O. 
Between U0 and 160, however, values of ch ' varied greatly w i t h  small 
increments i n  angle of attack. A t  14O angle of attack, a positive value 
of C (overbalance) was  obtained  for  zero  balance  chord  ratio. The 
overbalance resulted: fram the large negative value of at- 1 4 O ,  as 
shown i n  figure 9. Although a large positive value of P% also 
occurred at 14O, tending t o  counteract the effect of %, its effect  
was small campared t o   t h e   e f f e c t  of It i s  believed that the large 
values of both C and P for   the  plain wing at l4O angle of attack 
resulted from the  effects  of vortex flow over the   t ip   sec t ions  (refer- 
ence 4).  Deflection of t he  leading-edge flaps confined the vortex flow 
t o  sections inboard of the leading-edge flap (reference 5 ) ,  and hence 
the large variations of and P for  the  flaps-deflected configu- 
rations were not obtained. Leading-edge f laps  a lso tended to  reduce the 
variations of C and PR with  angle of attack at low lift coef- 
f ic ients ;  consequently, the  values of C w e r e  more nearly  constant 
with increase in &@e of attack from Oo t o  160. Figure 12 indicates 
tha t  a nose balance of approximately 60 percent of the aileron chord 
w i l l  be required t o  balance the aileron below 12' angle of a t tack   for  
the  plain wing o r  f o r  leading-edge flaps  deflected and below 16O angle 
of a t tack  for   the combination of leading- and trailing-edge flaps 
deflected. 
h6 
6 
hf5 
ch, 
%* 
ha R, 
cha %: 
hS 6 
h8 
c 
I 
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Aileron-load characteristics.- The aileron coefficient Cza 
(figs. 4 ( a ) ,  5(a),  and 6(a)) increased unifomly w i t h  angle of attack 
except for   the   p la in  wing, i n  which case a rather rapid increase 
occurred b’etween 130 and 15O angle of attack. It i s  believed that the 
rapid increase in Cz, resulted from the ef fec ts  of t he  vortex flaw at 
t h e   t i p s  for the   plain wing. The greatest values of were  obtained 
with the configurations having fl8ps deflected. 
- 
An investigation of a 20-percent-chord plain  aileron on a 
47.70 meptback wing of aspect ratio 5.1 indicated the following: 
1. Oscillations and vibrations of the  wing a t  moderate and high 
angles of attack  resulted fr-m unsteady forces due t o  intermittent flow 
separation. The rolling-moment variations due t o  unsteady forces were 
smaller i n  magnitude, however, than the  rol l ing moments due to   l a rge  - aileron  deflections,  thereby  indicating  that some degree of l a t e r a l  
control could be maintained throughout the lift-coefficient range. It 
is probable that  vibration problems may be encountered on a wing of 
similar  plan form and a i r fo i l   sec t ion  In flight. 
2. Although nonlinearity of r o l l i n g - B n t  data prohibited an 
evaluation of C values a t  high lift coefficients  the  data  indicated 
that for l a rge   to ta l   a i le ron  def lectione  the rolling moments a t  maximum 
lift were about 70 percent of the values obtained at zero ankle of 
attack. 
28 
3. The value of Cz of 0.00080 for the  plain wing a t  zero  angle 
6 
of attack w a s  i n  fair  agreement with  the  calculated  value and the addi- 
t i on  of leading- and trailing-edge flaps did not appreciably affect 
a t  low l i f t  coefficients. 
cz€i 
4. A r a t f o  of the ai leron noae balance t o  the  aileron chord of 0.60 
or more will be required t o  balance completely an internally  sealed 
afleron of the type investigated. 
Langley Aeranautical Laboratory 
National Advtsorg C d t t e e  f o r  Aeronautics - Langley Field, Va. 
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Figure 3.- Variations of roling-laolbent coefpicient with angle of attack 
for zero aileron deflectian. Faired curves represent tare cox~ections 
for t he  three model configurations testea. 
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Figure 4.- Aileron  characteristics of the plain wing. 
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Figure 4. - Concluded. 
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Figure 5.- Aileron characteristica of the wing with leading-edge flaps 
deflected. 
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Figure 5.- C o n t i n u e d .  
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Figure 6.- Aileron characteristics of t h e  wing with leading- and trailing- 
edge flape deflected. 
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Figure 7.- The variation of rolling-moment coefficient with aileron 
deflection for var ious  model configurations. 
Figure 8.-  The variation of aileron hinge-moment coefficient with aileron 
deflection f o r  various model conflgumtions. 
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Figure 9.- The effects of high-lift and stall-control  devices on the 
aileron  hinge-moment and effectiveneas  parametere Ch , (:28, 
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* Figure 10.- Variation of rolling-moment and yawlng-moment coefficfents 
with angle of  a t tack f o r  several m o d e l  conf'igurations and total aileron 
deflect im.  
Plain wing. 
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Figure U.- The effect of various amounts of aerodynamic balance 011 the 
aileron hinge-moment parameter chg'. 
HACA RM L51F22 
L2 
.8 
.8 
Figure 12.- Variation of aileron  balance chord ratio with angle of attack 
for  zero stick force i n  a steady ro l l .  
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